The phospholipid scramblases (PLSCR1 to PLSCR4) are a structurally and functionally unique class of proteins, which are products of a tetrad of genes conserved from Caenorhabditis elegans to humans. The best characterized member of this family, PLSCR1, is implicated in the remodeling of the transbilayer distribution of plasma membrane phospholipids but is also required for normal signaling through select growth factor receptors. Mice with targeted deletion of PLSCR1 display perinatal granulocytopenia due to defective response of hematopoietic precursors to granulocyte colony-stimulating factor and stem cell factor. To gain insight into the biologic function of another member of the PLSCR family, we investigated mice with targeted deletion of PLSCR3, a protein that like PLSCR1 is expressed in many blood cells but which, by contrast to PLSCR1, is also highly expressed in fat and muscle. PLSCR3 ؊/؊ mice at 2 months of age displayed aberrant accumulation of abdominal fat when maintained on standard rodent chow, which was accompanied by insulin resistance, glucose intolerance, and dyslipidemia. Primary adipocytes and cultured bone-marrow-derived macrophages from PLSCR3 ؊/؊ mice were engorged with neutral lipid, and adipocytes displayed defective responses to exogenous insulin. Plasma of PLSCR3 ؊/؊ mice was elevated in non-high-density lipoproteins, cholesterol, triglycerides, nonesterified fatty acids, and leptin, whereas adiponectin was low. These data suggest that the expression of PLSCR3 may be required for normal adipocyte and͞or macrophage maturation or function and raise the possibility that deletions or mutations affecting the PLSCR3 ؊/؊ gene locus may contribute to the risk for lipid-related disorders in humans.
T he phospholipid (PL) scramblase family (PLSCR1-4) represents a structurally unique class of plasma membrane proteins that were originally cloned and characterized in our laboratory (1) . The first PLSCR identified (PLSCR1) was proposed to mediate the accelerated transbilayer migration of plasma membrane PL that is observed in platelets, erythrocytes, and many other cells under circumstances of elevated intracellular [Ca 2ϩ ], as can occur upon platelet aggregation, cell injury by complement, and during apoptosis (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) . PLSCR is conserved as a multigene family of four from Caenorhabditis elegans to humans; a single apparent orthologue (YJR100C) of unknown function has been identified in yeast (3, 11) .
Recent data suggest a considerably more complex biology for PLSCR1 than its putative role in mediating transbilayer lipid movement (3, 5, 10, (12) (13) (14) (15) (16) (17) (18) (19) . PLSCR1 is transcriptionally upregulated through IFN receptors and multiple growth factor receptors, and cells deficient in PLSCR1 exhibit defects in response to stimulation of the same receptors (13, 18, (20) (21) (22) . When transcriptionally induced by IFN, a portion of the newly synthesized PLSCR1 localizes within the nucleus, in addition to its usual location at the plasma membrane (23) . Nuclear import of PLSCR1 also occurs whenever its palmitoylation is inhibited and is mediated through its high-affinity interaction with importin-␣, a cofactor of the importin͞Ras͞Ran nucleopore transport system (23, 24) . Once imported into the nucleus, PLSCR1 tightly binds to genomic DNA, suggesting a possible role for this protein in nuclear transcription (24) . Consistent with a role in growth factor receptor signaling, mice with targeted deletion of PLSCR1 exhibit defects in cell maturation and proliferation, most notably affecting granulocyte production from hematopoietic precursors in response to select growth factors, and cells deficient in PLSCR1 show defects in antiviral response to IFN (13, 14, 16, 19, 22) . Although PLSCR1 Ϫ/Ϫ mice exhibit perinatal granulocytopenia, they show no evidence of a defect in plasma membrane PL scramblase activity, suggesting that either the presumed role of this protein in transbilayer movement of plasma membrane PL is not correct, or, that this activity is maintained by multiple proteins, including other members of the PLSCR gene family (3, 10, 25) .
We now examined the biologic role of another member of the PLSCR gene family, PLSCR3, a gene that like PLSCR1 is expressed in many blood cells, but which, by contrast to PLSCR1, is highly expressed in muscle, fat, and certain other cells and tissues (25) . Whereas granulocyte production and platelet PL scramblase activity in PLSCR3 Ϫ/Ϫ mice appeared normal, these animals showed a marked increase in depot fat, including that surrounding abdominal viscera, when fed a standard chow diet. They subsequently exhibited elevated plasma glucose, cholesterol (CHOL), triglycerides (TGs), and nonesterified fatty acids (NEFAs) relative to WT controls. These mice had abnormal glucose tolerance with evidence of insulin resistance, as seen in human Syndrome X (Metabolic Syndrome) (26) . Adipocytes from PLSCR3 Ϫ/Ϫ mice showed defects in insulin-dependent responses, including insulin-stimulated glucose uptake. Moreover, plasma levels of the adipocyte-derived cytokines adiponectin and leptin were abnormal.
Methods
Antibodies and Reagents. Anti-PLSCR3 mAb 3B4 was developed in our laboratory and does not cross-react with other members of the PLSCR gene family (data not shown). Anti-PLSCR1 mAb 1A8 has been described (23) . Rabbit anti-GLUT4 antibody was from Biogenesis (Brentwood, NH); rabbit anti-insulin receptor substrate (IRS)-1, anti-IRS-2, and anti-insulin receptor (IR) antibodies were from Upstate (Charlottesville, VA); and rabbit anti-␤-actin from Sigma. Horseradish peroxidase-conjugated secondary antibodies were from Jackson ImmunoResearch. Murine stem cell factor (SCF), granulocyte colony-stimulating factor (G-CSF), monocyte colony-stimulating factor, and IL-3 were from R & D Systems; Methocult 3234 was from StemCell Technologies (Vancouver); Wright-Giemsa was from Shandon (Pittsburgh); and Oil red O was from Sigma. Insulin (Humalog, Eli Lilly) was a gift from J. McCallum (The Scripps Clinic, La Jolla, CA).
PLSCR1 ؊/؊ and PLSCR3 ؊/؊ Mice. PLSCR1 Ϫ/Ϫ mice have been described (16) . In certain experiments, PLSCR1 Ϫ/Ϫ mice of the inbred parental backgrounds of C57BL6J and 129SvEvBrd were each compared with the same gene deletion in the hybrid strain C57BL6Jϫ129SvEvBRD. Targeting of the PLSCR3 gene locus in 129SvEvBRD murine embryonic stem cells was performed by Lexicon Genetics (The Woodlands, TX) by using pKOS-lacZ͞ MC1neo vector. The lacZ͞MC1neo cassette was inserted to replace 1,127 bp of nucleotide sequence, deleting the first four exons. Clones confirming deletion by Southern blotting were implanted into pseudopregnant C57BL6J females and germ-line transmission was confirmed. No PLSCR3 antigen or mRNA was detected in homozygous PLSCR3 Ϫ/Ϫ mice, by using cells and tissues (e.g., lung, fat, and platelets) that were known (in WT) to abundantly express PLSCR3. Mating of PLSCR1 Ϫ/Ϫ with PLSCR3 Ϫ/Ϫ mice was performed to generate a colony deficient in both genes [PLSCR(1&3) Ϫ/Ϫ ]. In all experiments comparing PLSCR3 Ϫ/Ϫ mice with WT, PLSCR1
, mice were of identical genetic background (C57BL6Jϫ129SvEvBRD). All mice were fed standard (Ϸ5% fat) rodent chow (Harlan Teklad, Madison, WI).
Platelet coagulant activity and tail bleeding times were performed as described (16, 27) .
Hematopoietic Cell Culture. Isolation and culture of bone marrow and spleen cells to induce myeloid expansion and differentiation into granulocytes or macrophages was performed essentially as described (16) . To assess myeloid-committed progenitors and granulocyte differentiation, bone marrow (5 ϫ 10 4 ) or spleen (2 ϫ 10 5 ) cells were mixed with 1.5 ml of MethoCult 3234 supplemented with 20 ng͞ml SCF and 60 ng͞ml G-CSF. Cells were cultured for either 7 (bone marrow) or 10 (spleen) days, respectively. Colonies were scored as clusters containing Ͼ50 cells (16) . Cells from these cultures were also evaluated by light microscopy after staining with Wright-Giemsa or Oil red O. Macrophage differentiation of bone marrow cells was routinely induced by 7-day culture in MethoCult 3234 supplemented with 5 ng͞ml IL-3, 5 ng͞ml granulocyte-macrophage colonystimulating factor, and 10 ng͞ml monocyte colony-stimulating factor. Alternatively, macrophage differentiation was induced by 7-day liquid culture in L929 cell-conditioned medium and adherent cells were assayed for cellular content of TGs and CHOL (esterified and nonesterified) essentially as described (28) .
Tissue Histology. Adipose tissue was fixed with 10% buffered formaldehyde, embedded in paraffin, sectioned, stained with hematoxylin and eosin, and evaluated by light microscopy. Neutral lipids were visualized with Oil red O.
Light microscopy of stained cells or tissue was performed by using an Axioplan 2 microscope (Zeiss) and images were recorded with a color digital charge-coupled device camera (SV Micro color 80155).
Blood Collection. Blood plasma was routinely obtained after retro-orbital bleed into heparinized capillary tubes. Except where otherwise indicated, all animals were daytime-fasted for 6 h.
Blood Glucose and Glucose Tolerance Testing. Blood and plasma glucose concentrations were routinely measured by glucometer (Bayer). Glucose tolerance testing was performed after i.p. injection of D-glucose at a dose of 1 g͞kg of body weight.
Plasma insulin, adiponectin, and leptin were each measured by using RIA kits (Linco Research, St. Charles, MO).
Analysis of Plasma Lipids and Lipoproteins. Plasma CHOL and TGs were measured by using an enzymatic assay kit from Sigma; NEFAs were measured by using an enzymatic assay kit from WAKO Chemicals USA (Richmond, VA). To determine CHOL distribution among plasma lipoproteins, plasmas from five mice of each genotype were pooled and subjected to high-resolution FPLC on Superdex 200 HR 10͞30. Total, nonesterified, and esterified CHOL in each fraction was measured as described (28) .
Automated Plasma Chemistries. In certain experiments, confirming measurements of plasma glucose, TGs, CHOL, and NEFAs were obtained by automated colorimetric analysis (The Jackson Laboratory).
Adipocyte Isolation. Adipocytes from gonadal or inguinal fat pads from age-and sex-matched pairs of WT and
mice were isolated essentially according to published procedures (29) . After floatation, the cells were suspended in Krebs-Ringer-Hepes (KRH) buffer (120 mM NaCl͞4 mM KH 2 PO 4 ͞1 mM MgSO 4 ͞0.75 mM CaCl 2 ͞10 mM NaHCO 3 ͞30 mM Hepes, pH 7.4). , PerkinElmer) was added at a final concentration of 20 nM (Ϸ1 Ci per tube) in the absence or presence of 100-fold excess unlabeled insulin. After 1 h, cells were separated from unbound radioactivity by floatation. Cellassociated 125 I-insulin was determined by scintillation counting with correction for nonspecificity uptake.
Western Blotting. Western blotting was performed after direct lysis of platelets or adipocytes in SDS sample buffer containing 10 mM DTT. Minced soleus muscle and lung were frozen for 1 h at Ϫ80°C, homogenized, and lysed for 1 h on ice in PBS, 2% Triton X-100, 5 mM EDTA containing protease inhibitors, before addition to SDS sample buffer. Cell lysates were resolved by SDS͞PAGE and transferred to nitrocellulose. Immunoblotting was performed with antibodies as indicated in the figure Legends, with detection by chemiluminescence (Pierce).
Results

Normal Procoagulant Activity and Tail-Bleeding Times in PLSCR3 ؊/؊
Mice. The first member of the PLSCR gene family, PLSCR1, was originally identified based on its capacity to promote Ca 2ϩ -mediated transbilayer movement PLs (''PL scramblase'' activity) when reconstituted into proteoliposomes. Because transbilayer scrambling of plasma membrane PL with consequent cell surface exposure of phosphatidylserine is thought to contribute to the initiation of blood coagulation, it was postulated that PLSCR1 deficiency might manifest as a defect in cellular procoagulant activity and possibly impaired hemostasis. However, platelets from PLSCR1 Ϫ/Ϫ mice exhibited normal capacity to mobilize phosphatidylserine to the cell surface, and no apparent hemostatic abnormality was observed (16) . Because PLSCR1 and PLSCR3 are coexpressed in platelets (see Fig. 2a, below) , redundancy in PL scramblase activity among the two PLSCR family members might obscure a defect in activity arising from deletion of PLSCR1. However, as was observed in the case of PLSCR1 Ϫ/Ϫ , we detected no difference from WT in plasma membrane PL scramblase activity of platelets isolated from either PLSCR3 Ϫ/Ϫ or PLSCR(1&3) Ϫ/Ϫ mice (data not shown).
Response of PLSCR3 ؊/؊ Hematopoietic Precursor Cells to Growth
Factors. We previously reported that hematopoietic precursor cells from PLSCR1 Ϫ/Ϫ mice exhibit an impaired proliferation and differentiation to mature granulocytes in response to SCF and G-CSF (16) . Because PLSCR1 and PLSCR3 are coexpressed in a number of blood cells, we evaluated the response of PLSCR3 Ϫ/Ϫ hematopoietic stem cells to these growth factors. As illustrated by Table 1 mice also exhibited impaired maturation in response to these growth factors, as evidenced by the presence of fewer cells with polylobulated or circular nuclear chromatin (characteristic of mature murine granulocytes), and a higher proportion of immature-appearing cells, distinguished by prominent round nuclei (Fig. 1a) . By contrast to cells lacking PLSCR1, the nuclear morphology of the PLSCR3 Ϫ/Ϫ cells was indistinguishable from that of WT, suggesting normal granulocytic maturation. However, those cells lacking PLSCR3 expression [i.e., PLSCR3 Ϫ/Ϫ and PLSCR(1&3)
] showed a distinct increase in the number and size of lipid droplets in the cytoplasm. The neutral lipid content of these intracellular droplets was confirmed by staining with Oil Red O (data not shown). A marked increase in intracellular lipid droplets was also observed when PLSCR3 Ϫ/Ϫ [and PLSCR(1&3)
] bone marrow-derived hematopoietic precursors were cultured under conditions to induce differentiation to macrophages (Fig. 1b) . A distinct increase in cellular content of TGs (112.1 Ϯ 14.7 vs. 40.3 Ϯ 1.6 g͞mg cell protein) and esterified CHOL (21.8 Ϯ 4.9 vs. 5.0 Ϯ 3.2 g͞mg cell protein) in the PLSCR3 Ϫ/Ϫ bone marrow-derived macrophages (vs. WT) was confirmed by direct assay of the cell-associated lipids ( Table 2 , which is published as supporting information on the PNAS web site).
Adiposity of PLSCR3 ؊/؊ Mice. Whereas PLSCR3 is widely distributed in a variety of tissues similar to PLSCR1 (25), we noted that PLSCR3 was highly expressed in fat, where PLSCR1 was not detected by Western blotting (Fig. 2a) . Our observation that myeloid-differentiated bone marrow cultures from PLSCR3 Ϫ/Ϫ mice accumulated intracellular lipid prompted us to look for other abnormalities of lipid metabolism. Necropsy of PLSCR3 Ϫ/Ϫ mice starting at approximately 2 months of age revealed increased size of all depot fat pads examined, relative to age, weight, and sex-matched WT mice (Fig. 2b and data mice showed increases relative to WT that were consistent with total mass (Fig. 2c) . The modest but significant increase in adiposity of PLSCR1 Ϫ/Ϫ mice relative to WT in the hybrid C57BL6Jϫ129SvEvBRD strain was also observed when PLSCR1 Ϫ/Ϫ and WT mice in the inbred parental genetic backgrounds (C57BL6J or 129SvEvBRD) were each compared (data not shown). This finding suggests that the increase in depot fat detected in both PLSCR1 Ϫ/Ϫ and Table 2 ).
PLSCR3
Ϫ/Ϫ mice (relative to matched WT) was directly related to the targeted deletions at the PLSCR1 or PLSCR3 loci (see Discussion).
Impaired Glucose Tolerance and Insulin Resistance in PLSCR3
As shown in Table 3 , at 2 months of age fasting blood glucose levels were significantly elevated (207.0 Ϯ 41.8 vs. 159.3 Ϯ 32.7 mg͞dl) in the PLSCR3 Ϫ/Ϫ mice (compared with matched WT), and the persistence of mild hyperglycemia was confirmed at all subsequent testing points (through 6 months; data not shown). Fasting plasma insulin levels appeared somewhat higher in PLSCR3 Ϫ/Ϫ mice, but these differences were not statistically significant ( Table 3 ), suggesting that the hyperglycemia in PLSCR3 Ϫ/Ϫ was secondary to insulin resistance rather than a defect in insulin secretion (see Discussion). Upon glucose tolerance testing, an Ϸ2-fold elevation in peak blood glucose levels was consistently obser ved in both PLSCR3 Ϫ/Ϫ and PLSCR(1&3) Ϫ/Ϫ relative to WT mice (Fig. 3a) . Moreover, no significant difference was observed in the glucose tolerance of PLSCR3 Ϫ/Ϫ
vs. PLSCR(1&3)
Ϫ/Ϫ mice, suggesting a dominant influence of PLSCR3 in regulating this phenotype, consistent with the apparent dominant function of PLSCR3 in regulating fat pad size (see above).
Dyslipidemia in PLSCR3 ؊/؊ Mice. Analysis of plasma lipids revealed significant increases in total CHOL (125 Ϯ 28 vs. 85 Ϯ 16 mg͞dl), TGs (78 Ϯ 10 vs. 56 Ϯ 9 mg͞dl), and NEFAs (1.27 Ϯ 0.18 vs. 0.94 Ϯ 0.26 mEq͞liter) in PLSCR3 Ϫ/Ϫ vs. WT mice (Table 4 , which is published as supporting information on the PNAS web site). Analysis of the distribution of CHOL among the plasma lipoproteins revealed that the elevation in CHOL observed in PLSCR3 Ϫ/Ϫ plasma represented a Ͼ2-fold increase in CHOL associated with apo B-containing lipoproteins (very-low-density and low-density lipoproteins), with only a small increase in high-density lipoprotein CHOL (Table 5 , which is published as supporting information on the PNAS web site). Furthermore, the increase in plasma CHOL reflected a Ͼ2-fold increase in nonesterified CHOL in very-low-density and low-density lipoproteins.
Impaired Insulin-Stimulated Glucose Uptake by PLSCR3 ؊/؊ Adipocytes. Adipocytes isolated from inguinal and gonadal fat pads were evaluated for insulin-stimulated uptake of 2-deoxy-Dglucose. As shown in Fig. 3b , PLSCR3 Ϫ/Ϫ adipocytes exhibited a marked decrease in insulin-stimulated 2-deoxy-D-glucose uptake, compared with WT adipocytes. Western blotting revealed a decrease in cellular GLUT4 expression, which could at least partially contribute to the observed decrease in glucose transport. We also observed decreased expression of IR (detected with IR ␤-subunit antibody) and several of the known IR substrates (Fig. 3c) . The apparent decrease in IR detected by Western blotting of primary PLSCR3 Ϫ/Ϫ adipocytes was confirmed by direct measurement of 125 I-insulin binding to these cells, which revealed a 50% decrease compared with controls (Fig. 3d) . Consistent with this decrease in IR expression, insulinstimulated IR autophosphorylation and Tyr-phosphorylation of substrates IRS-1 and IRS-3 were attenuated in PLSCR3 Ϫ/Ϫ adipocytes (data not shown).
Abnormal Levels of Adiponectin and Leptin in PLSCR3 ؊/؊ Mice. To determine whether the observed defects in PLSCR3 Ϫ/Ϫ mice were associated with altered adipokine secretion, plasma concentrations of adiponectin and leptin were measured. As summarized in Table 6 , which is published as supporting information on the PNAS web site, plasma adiponectin in PLSCR3 Ϫ/Ϫ mice at both 8 and 19 weeks was Ϸ50% decreased compared with WT controls, whereas a distinct elevation of plasma leptin in the PLSCR3 Ϫ/Ϫ mice was noted by 19 weeks.
Discussion
Our data suggest that the expression of PLSCR3, and to a lesser degree that of PLSCR1, is critical to the normal regulation of fat accumulation in mice. Deletion of PLSCR3 gives rise to the formation of lipid-engorged adipocytes and many of the consequences of adipocyte dysfunction that are associated in humans with obesity-and abdominal fat-related insulin resistance (26, (30) (31) (32) (33) . Cultured bone marrow-derived macrophages from these animals display distinct increases in intracellular lipid droplets, reflecting elevations in CHOL and TGs (Fig. 1b and Table 2 ). Although our evaluation of the effects of PLSCR gene deletion was conducted in a hybrid-strain mouse, we consider it unlikely that the phenotype we observed reflects the influence of another gene defect inadvertently selected or cosegregating with the targeted gene. We consistently observed a similar, although less pronounced, abnormality of increased adiposity in PLSCR1 Ϫ/Ϫ mice (relative to WT controls) as was observed for PLSCR3 Ϫ/Ϫ mice, irrespective of whether the PLSCR1 gene deletion was evaluated in the hybrid C57BL6Jϫ129SvEvBRD background, or after backcross into either of the inbred parental strains (see Methods and Results). It is also important to note that as in humans, murine PLSCR1 and PLSCR3 are located on separate chromosomes, and that each gene is independently targeted with constructs containing unrelated sequences (25) .
Obesity, in particular, the accumulation of abdominal fat with formation of enlarged, lipid-engorged adipocytes, has emerged as a key acquired risk factor for the onset of type 2 diabetes (26, 33, 34) . Although originally regarded as a distinct disease, it is now recognized that type 2 diabetes (and the hyperglycemia associated with it) is often a manifestation of a broader underlying disorder referred to as Syndrome X (Metabolic Syndrome) (26) . This syndrome is characterized by abdominal obesity, insulin resistance with mild glucose intolerance, dyslipidemia, mild hypertension, and increased risk for developing vascular disease. The precise causal relationship as to how increased abdominal fat leads to insulin resistance and diabetes remains to be established. Factors that have been implicated include tumor necrosis factor-␣, NEFAs, and ''adipokines'' including leptin, adiponectin, and resistin released from adipocytes (33, (35) (36) (37) . It has been suggested that the high correlation between an increase in abdominal fat with Syndrome X may relate to the fact that adipose tissue associated with abdominal viscera (in particular, in omental and mesenteric sites) drains directly into the portal venous system, thus exposing the liver to the undiluted repertoire of metabolites and secretory products of these fat depots (38, 39) . Our data reveal that in mice, absence of PLSCR3 caused a phenotype that in many respects recapitulates elements of adipose-related insulin resistance in man, including formation of lipid-engorged adipocytes with increased intraabdominal fat stores, impaired glucose tolerance, dyslipidemia, and abnormal plasma levels of adiponectin and leptin. Increased fat pads, slightly elevated fasting blood glucose concentration, and impaired glucose tolerance were observed in animals as early as 8 weeks of age. Surprisingly, the abnormalities in glucose metabolism were already observed at a time when the total body weight of the PLSCR3 Ϫ/Ϫ mice was only Ϸ10% above that of WT animals (Table 3) . Because dysfunctional adipocytes (32, 36) and macrophages (40) have each been implicated in the development of systemic insulin resistance, it is of particular interest to note that, in addition to the abnormalities detected in primary adipocytes isolated from PLSCR3 Ϫ/Ϫ mice, our data also suggest aberrant lipid accumulation in bone marrow-derived macrophages from these animals (Fig. 1) . In bone marrow-derived macrophages, cells were examined at least 1 week after in vitro cell culture in the absence of autologous serum, implying that the observed lipid accumulation in the PLSCR3 Ϫ/Ϫ cells was not the consequence of the elevated plasma TGs and CHOL of the donor mice.
Whereas our data indicate that there are major defects in the IR activation pathway of the adipocytes obtained from PLSCR3 Ϫ/Ϫ animals, it is important to note that we cannot exclude that such defects arise secondarily due to the effect of PLSCR3 deletion on either (i) another cytokine or growth factor receptor pathway or metabolic process (e.g., lipid metabolism) in the adipocyte that might adversely affect its insulin-dependent responses, or (ii) an abnormality in another cell (e.g., macrophage) that might in turn adversely affect adipocyte function through a secreted systemic factor.
As previously noted, the cellular and molecular function of the PLSCR proteins remains incompletely understood. The best characterized member of this gene family, PLSCR1, was implicated to participate in the remodeling of the topology of plasma membrane PL under circumstances of elevated intracellular calcium; it also regulates cellular responses (including proliferation, maturation, and terminal differentiation) to several growth factors, including the hematopoietic growth factors G-CSF and SCF (2, 3, 16 ). PLSCR1 expression was not detected in mature adipocytes (by Western blotting; Fig. 2a) , whereas the expression of PLSCR3 was abundant, suggesting that PLSCR1 expression is ultimately turned off in the mature adipocyte. In hematopoietic cells PLSCR1 is required for normal myeloid proliferative and maturational responses to G-CSF and SCF, its expression is markedly increased in response to these growth factors and is elevated in fully differentiated granulocytes, when compared with precursor cells (16) . In contrast, the level of expression of PLSCR3 is largely unaffected (data not shown). Whether PLSCR3 plays an analogous role in signaling and the cellular response to insulin (or to other growth factors and cytokines) in the adipocyte is now unknown but is suggested by its elevated expression in WT adipocytes and by the abnormal accumulation of fat stores in the PLSCR3 Ϫ/Ϫ adipocyte.
The frequency and consequence of a gene defect in humans affecting the level of expression or function of PLSCR3, or other members of the PLSCR gene family, is unknown. Deletion of the single apparent PLSCR orthologue in yeast (YJR100C) is nonlethal, as is deletion of PLSCR1, PLSCR2, PLSCR3, or, PLSCR1&3 in mice (refs. 3, 11, and 16; data not shown). The aberrant accumulation of adipocyte fat stores, with onset of insulin resistance and dyslipidemia in PLSCR3 Ϫ/Ϫ and, to a lesser extent, in PLSCR1 Ϫ/Ϫ mice raises the question of whether mutations affecting either the expression or function of the PLSCR proteins in humans might also influence the risk for development of similar systemic disorders.
